










tuberculosis (ヒト型結核菌)､ M. bovis (ウシ型結核




ているが､ 日本においては､ 近年横ばい状態にあり､ 先
進国の中でも高い水準である｡ 世界保健機関 (WHO)
の推計によると､ 世界人口の約 1/3にあたる 20億人が
結核菌に感染しており､ 毎年 800 万人が発症し､ 300



















































Coroninは粘菌 (Dictyostelium discoideum) におい
て単離されたアクチン結合タンパク質であり1)､ 粘菌の
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たため､ p57/coronin-1や coronin-1､ coronin-1Aといっ
た名称が存在するが (その他 tryptophan aspartate-
containing coat protein (TACO)､ clipinA など)､ 本
稿 で は p57/coronin-1 に 統 一 し て 記 述 す る ｡



















が豊富な細胞膜直下に分布しており ( 0 min)､ ザイモ
ザン取り込み時にファゴサイティックカップに局在した
(2 min)｡ その後､ F-アクチンと共にファゴソームに集
積した後 ( 5 min)､ ファゴソームから解離し元の細胞
内分布を示した (30 min) (Fig. 1)｡ また､ この貪食
過程において p57/coronin-1 および F-アクチンがファ
ゴソームから解離する際に (15 min)､ p57/coronin-1
のリン酸化レベルが上昇することを明らかにした (Fig.
2)｡ さらに､ HL60細胞をホルボールエステル (PMA)
で処理することや､ 精製した p57/coronin-1をプロテイ




(chelerythrine または calphostin C) 処理を行ったと
ころ､ p57/coronin-1および F-アクチンのファゴソーム
からの解離が抑制された (Fig. 3)｡ この現象は､
phosphoinositide 3-(PI-3) キナーゼ阻害薬 (wortman
nin)､ プロテインチロシンキナーゼ阻害薬 (genistein)､
プロテインキナーゼ A阻害薬 (H-89) では認められな
かった｡ さらに､ p57/coronin-1や F-アクチンの解離し
たファゴソームにはリソソーム (LAMP-1) の集積が認
め ら れ た の に 対 し ､ PKC 阻 害 薬 処 理 に よ り
p57/coronin-1および F-アクチンの持続的な集積を認め
るファゴソームには LAMP-1の集積が認められなかっ
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Figure 1. Transient accumulation of p57/coronin-1 and F-
actin on phagosomes
DMSO-treated HL60 cells were allowed to adhere to
poly-L-lysine-coated glass slides for 30 min at 37°C. The
adhered cells were fixed and permeabilized 0, 2, 5 or 30
min after addition of opsonized zymosan (OpZ) particles.
p57/coronin-1 and F-actin were stained by anti-
p57/coronin-1 monoclonal antibody followed with secon-
dary antibody conjugated with fluorescein isothiocyanate
(FITC) and by rhodamine-labeled phalloidin, respec-
tively. p57/coronin-1 and F-actin in cells were visualized
by fluorescence microscopy. Arrowheads in images indi-
cate OpZ particles. Experiments were performed at least














ことが示された｡ 次に､ 細胞を PMAおよび calyculin
A (脱リン酸化阻害薬) で処理したところ､ アクチン細
胞骨格画分におけるアクチンの量は変化しなかったが､
p57/coronin-1の分布量は減少した (Fig. 6)｡ この際に
p57/coronin-1がリン酸化されていることは等電点電気
泳動により確認した｡ これらの結果は､ enhanced
green fluorescent protein (EGFP) 融合 p57/coronin-




(Fig. 7A and B)､ 一方､ chelerythrineで処理するこ
とにより､ 細胞骨格領域に集積した (Fig. 7C)｡ 以上
Proc. Hoshi Univ. No.54, 2012
― 3―
  
phosphorylation of p57 
p57 








































Figure 2. Transient phosphorylation of p57/coronin-1 in
phagocytosing cells
(A) OpZ particles were added to adherent DMSO-
differentiated HL60 cells that were metabolically la-
beled with 32 P-orthophosphate on poly-D-lysine-coated
plastic dishes and incubated for 30 min at 4°C. Syn-
chronous uptake of cell-bound OpZ was initiated by
warming cells to 37°C, stopped by cooling on ice at spe-
cific time points, and lysed with a buffer containing 1 %
Nonidet P-40. The lysates were subjected to
immunoprecipitation with protein G-Sepharose and anti-
p57/coronin-1 antibody (N7), and the immuno-
precipitates were subjected to SDS-PAGE and
autoradiography. (B) For kinetic study of p57/coronin-1
phosphorylation, the radioactivity of p57/coronin-1 in
each lane in (A) was measured and expressed as the
percent of control (mean± standard deviation from three
experiments).
  
Figure 3. Effects of PKC inhibitors on the dissociation of
p57/coronin-1 and F-actin from OpZ containing
phagosomes
DMSO-treated HL60 cells adhered to poly-L-lysine-
coated slide glasses were fed OpZ particles and synchro-
nous phagocytosis was initiated by warming. After 2
min, ingestion was interrupted by cooling the cells on
ice and chelerythrine (30 M) or calphostin C (15 M)
was added for 15 min. Phagocytosis was reinitiated by
warming and cells were incubated for an additional 30
min. Cells were then fixed, permeabilized, and stained
with anti-p57/coronin-1 monoclonal antibody and
rhodamine-labeled phalloidin as described in Fig. 1. Ex-
periments were performed at least three times inde-
pendently, and representative data are shown. Arrow-
heads indicate OpZ particles. Scale bars = 10 m.
  








Figure 4. Effects of Chelerythrine, a specific PKC inhibi-
tor, on the recruitment of LAMP-1 to OpZ containing
phagosomes
After addition of OpZ particles, internalization of par-
ticles was stimulated and followed by interruption of
phagocytosis as described in Fig. 3. Then cooled cells
were treated with chelerythrine (30 M) for 15 min at 4
°C, warmed to resume phagocytosis, and incubated for
an additional 30 min. After the incubation period, cells
were fixed, permeabilized, and stained with anti-LAMP-
1 monoclonal antibody and rhodamine-labeled phalloidin
as described in Fig. 1. Experiments were performed at
least three times independently, and representative
data are shown. Arrowheads in images indicate OpZ
particles. Scale bars = 10 m.
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Figure 5. Association of p57/coronin-1 with the actin
cytoskeleton in HL60 cells
(A) HL60 cells were lysed with a Triton X-100 con-
taining buffer (cytoskeleton isolation buffer), and the
lysate was separated into the detergent-soluble super-
natant (S) and the detergent-insoluble precipitate (P) by
centrifugation. These fractions were analyzed by SDS-
PAGE and immunoblotting using anti-p57/coronin-1 and
anti-actin antibodies. (B) The intracellular distribution
of p57/coronin-1 and F-actin in HL60 cells that were
treated with cytoskeleton isolation buffer was observed
under a confocal laser-scanning microscope. Scale bar =
5 m. (C) HL60 cells were treated with 5 M
latrunculin B for 30 min. The actin cytoskeleton and
cytosol fractions were separated from these cells by the
extraction with cytoskeleton isolation buffer followed by
centrifugation, and were analyzed by SDS-PAGE and
immunoblottin using anti-p57/coronin-1 and anti-actin
antibodies. 
Figure 6. Effects of Calyculin A and PMA on the intracel-
lular distribution of p57/coronin-1
(A) HL60 cells were treated with calyculin A (100
nM) and PMA (150 nM) at 37°C for 30 min and lysed
with cytoskeleton isolation buffer. The lysate was cen-
trifuged at 3000 x g for 3 min to recover the cytosol
fraction (supernatant: S) and the actin cytoskeleton
fraction (precipitate: P). These fractions were analyzed
by SDS-PAGE and immunoblotting using anti-
p57/coronin-1 and anti-actin antibodies. (B) HL60 cells
treated with or without PMA were extracted with
cytoskeleton isolation buffer. The cells were then
stained with anti-p57/coronin-1 and AlexaFluor 488-
conjugated anti-mouse IgG antibodies (green) and
rhodamine-conjugated phalloidin (red), and observed
under a confocal laser scanning microscope (left panels).
Scale bars = 5 m. The fluorescence intensity of the
cross-section of each image, which is indicated in the
left panels, was quantified by using LaserSharp soft-
ware (Bio-Rad) (right panels).
  
Figure 7. Effects of PMA and chelerythrine on the intra-
cellular distribution of EGFP-p57/coronin-1
Living HL60 and COS-1 cells transiently expressing
EGFP-p57/coronin-1 were monitored by confocal time-
lapse microscopy at the indicated time (min) after treat-
ment with PMA or chelerythrine. (A) HL60 cells ex-
pressing EGFP-p57/coronin-1 were placed on a poly-L-
lysine-coated slideglass and stimulated with PMA (150
nM). (B) COS-1 cells expressing EGFP-p57/coronin-1
were stimulated with PMA (150 nM). Scale bar = 50 
m. Magnified views of boxed regions I-III appear in the
lower panels. (C) COS-1 cells expressing EGFP-
p57/coronin-1 were treated with chelerythrine (30 M).
Scale bar = 20 m.
  
Figure 8. SDS-polyacrylamide gel electrophoresis of
immunoprecipitate from the lysate of HL60 cells with
anti-p57/coronin-1 antibody
HL60 cells were treated with or without calyculin A
(100 nM) and PMA (150 nM) at 37°C for 30 min, and
lysed with a buffer containing 1 % Nonidet P-40. The
lysates were subjected to immunoprecipitation with pro-
tein G-Sepharose and anti-p57/coronin-1 antibody (N7),
and the immunoprecipitates were separated by SDS-
PAGE. (A) Proteins co-precipitated with p57/coronin-1
were detected by silver staining (upper panel) or by
immunoblotting with anti- -actin antibody (lower panel).
An arrowhead indicates mobility of  -actin (approxi-
mately 43 kDa). H and L indicate IgG heavy and light
chains, respectively. (B) Phosphoproteins were visualized





れる分子に注目した (Fig. 8)｡ HL60細胞の溶解液か















状態は､ HL60細胞を PMAおよび calyculin Aによっ
て処理した後､ 等電点電位泳動や Phos-tagアクリルア
ミドを用いた電気泳動 (Phos-tag-PAGE) を行うこと












いることが明らかになった｡ 次に､ PMA および
calyculin A で処理した HL60 細胞の溶解液より､ 抗
p57/coronin-1 抗体を用いて免疫沈降を行った後､
Phos-tag-PAGE によりリン酸化 p57/coronin-1 を分離
した｡ リン酸化 p57/coronin-1のバンドを切り出し､ ト
リプシンによりペプチドへ消化した後､ TiOカラムを
用いてリン酸化ペプチドを精製した｡ このペプチドを
MALDI-TOF-MS を 用 い て 解 析 し た と こ ろ ､
1MpSRQVVR7 および 409GLDpTGRR415 のリン酸化ペプ
チド配列が特定された (Fig. 10)｡ Ser-2 および Thr-
412のアラニン残基への変異体 (S2Aまたは T412A)
発現プラスミドを作製し､ p57/coronin-1を発現してい
ない HEK293T 細胞に強制発現させた｡ HL60 細胞や
野生型 p57/coronin-1 を発現させた HEK293T 細胞の
p57/coronin-1の等電点電気泳動スポットパターンと比
較し､ S2Aおよび T412Aでは酸性側のスポットが消失
していた (Fig. 11)｡ また､ これらの変異体に加え､ そ
の両者をアラニン残基に置換した変異体 (S2A/T412A)
を強制発現させた細胞を用いて､ p57/coronin-1のリン
酸化状態について検討した (Fig. 12)｡ PMA および
calyculin Aの処理で､ 主にリン酸化される部位は Thr-






より解析を行った (Fig. 13)｡ このスポットは､ 等電点
電気泳動では酸性側に出現したにも拘わらず､ Phos-
tag-PAGEによる移動度ではリン酸化の影響は受けてい
ないこと､ また Pro-Q Diamond染色で検出できないこ
とより､ リン酸化に関連したスポットではないことが示
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Figure 9. Detection of phosphorylated forms of
p57/coronin-1 by 2D-gel electrophoresis and Phos-tag®
acrylamide gel electrophoresis
HL60 cells were treated with calyculin A (100 nM)
and/or PMA (150 nM) at 37°C for 30 min, and lysed
with a buffer containing 1 % Nonidet P-40. The lysates
were subjected to 2D-gel electrophoresis (A) or Phos-
tag® acrylamide gel electrophoresis (B) followed by
immunoblotting using anti-p57/coronin-1 antibody.
  
Figure 10. Analysis of phospho-peptides from p57/coronin-
1 by MALDI-TOF-MS
HL60 cells pretreated with calyculin A (100 nM) and
PMA (150 nM) at 37°C for 30 min were lysed with a
buffer containing 1 % Nonidet P-40, and the lysate was
subjected to immunoprecipitation with protein G-
Sepharose and anti-p57/coronin-1 antibody (N7), and the
immunoprecipitate was separated by Phos-tag-PAGE.
The gel was stained with CBB and phosphorylated
forms of p57/coronin-1 were subjected to tryptic diges-





(Fig. 14)｡ 免疫沈降された p57/coronin-1と共沈降さ
れる -アクチンは､ 細胞の calyculin Aのみの処理によっ て減少することから､ この現象への Thr-412の関与が示唆された (Fig. 15A and B)｡ そこで Thr-412特異的リン酸化抗体を用いた免疫沈降を行ったところ､  -アクチンの共沈降は認められなかった (Fig. 15C)｡ また､Thr-412 をアラニン残基に置換した変異体 (T412A：非リン酸化体) には -アクチンが多く結合し､ アスパラ
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Figure 11. Two-dimensional gel electrophoresis of
p57/coronin-1 mutants at Ser-2 and Thr-412
HEK293T cells stably transfected with the wild-type
(WT), a mutant at Ser-2 (S2A: A), or a mutant at Thr-
412 (T412A: B) of p57/coronin-1 cDNA were treated
with calyculin A (100 nM) and PMA (150 nM) at 37°C
for 30 min, and lysed with a buffer containing 1 %
Nonidet P-40. The lysates were subjected to 2D-gel elec-
trophoresis and successive immunoblotting with anti-
p57/coronin-1 antibody.
  
Figure 12. Electrophoretic analyses of phosphorylation of
the mutants at Ser-2 and Thr-412 of p57/coronin-1
HEK293T cells transfected with the wild-type or mu-
tants (S2A, T412A or S2A/T412A) were treated with
calyculin A (100 nM) and PMA (150 nM) at 37°C for 30
min, and lysed with a buffer containing 1 % Nonidet P-
40. (A) The lysates were subjected to
immunoprecipitation with protein G-Sepharose and anti-
p57/coronin-1 antibody (N7), and the
immunoprecipitates were separated by SDS-PAGE.
Gels were stained with Pro-Q® Diamond for
phosphoproteins and FlamingoTM for total proteins. (B)
The lysates were separated by 2D-gel electrophoresis,
and p57/coronin-1 was detected by immunoblotting
using anti-p57/coronin-1 antibody (N7). Arrows indicate
putative phosphorylation sites of individual spots. (C)
The lysates of HEK293T transfectant cells that were
treated with calyculin A (100 nM) and/or PMA (150
nM) at 37°C for 30 min were separated by Phos-tag-
PAGE and immunoblotting using anti-p57/coronin-1 an-
tibody (N7). Arrows indicate putative phosphorylation
sites of individual bands.
  
Figure 13. Analysis of minor spots of p57/coronin-1 ob-
served in 2D-gel electrophoresis
HL60 cells were treated with calyculin A (100 nM)
and PMA (150 nM) at 37°C for 30 min, and lysed with
a buffer containing 1 % Nonidet P-40. (A) The lysate
was separated by isoelectric focusing in the first dimen-
sion and by regular SDS-PAGE (upper panel) or Phos-
tag-PAGE (lower panel) in the second dimension.
p57/coronin-1 was visualized by immunoblotting using
anti-p57/coronin-1 antibody (N7). (B) The lysate was
subjected to immunoprecipitation with protein G-
Sepharose and anti-p57/coronin-1 antibody (N7), and the
immunoprecipitates were separated by 2D-gel electro-
phoresis. The gel was stained with Pro-Q® Diamond for
phosphoproteins (upper panel) or SYPRO® Ruby for
total proteins (lower panel).
Figure 14. Detection of phopho-p57/coronin-1 by
immunoblotting
A monoclonal antibody specific for phospho-Ser-2 and
Thr-412 of human p57/coronin-1 (pS2 and pT412) were
newly generated by fusing PAI myeloma cells with
splenocytes of BALB/c mice immunized with
MpSRQVVRSSKFR-Cys or Cys-NGGLDpTGRRRAM
phospho-peptide conjugated with keyhole limpet
hemocyanin (KLH), respectively. (A) HL60 cells were
treated with calyculin A (100 nM) and/or PMA (150
nM) at 37°C for 30 min, and lysed with a buffer con-
taining 1 % Nonidet P-40. The lysates were analyzed
by SDS-PAGE and immunoblotting using anti-
p57/coronin-1 antibodies (N7, pS2 or pT412). (B) HL60
cells were treated with calyculin A and PMA at 37°C
for 30 min, and lysed with a buffer containing 1 %
Nonidet P-40. The lysates were analyzed by or Phos-
tag® acrylamide gel electrophoresis and immunoblotting
using anti-p57/coronin-1 antibodies (N7, pS2 or pT412).
  
ギン酸残基に置換した変異体 (T412D：リン酸化模倣






が存在すること15) や C末端の coiled-coil領域で二量体
を形成すること16) を報告している｡ これらの構造によ
り､ p57/coronin-1は F-アクチンを架橋・束化すること
が予測された｡ その後､ Liuらによって p57/coronin-1
が F-アクチンを架橋・束化していることが証明され



























胞 (HL60､ THP-1､ Jurkat) を樹立したので､ これら
を用いてリン酸化部位の変異体 p57/coronin-1発現細胞
を樹立する予定である｡ また､ 病原性株として M.
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Figure 15. Effects of phosphorylation at Thr-412 of
p57/coronin-1 on the interaction with actin
HL60 cells were treated with calyculin A (100 nM)
and/or PMA (150 nM) at 37°C for 30 min, and lysed
with a buffer containing 1 % Nonidet P-40. The lysates
were subjected to immunoprecipitation with Dynabeads®
protein G and anti-p57/coronin-1 antibody (N7), and the
immunoprecipitates were separated by SDS-PAGE. (A)
The gel was stained with FlamingoTM Fluorescent Gel
Stain. An arrowhead and asterisks indicate  -actin (ap-
proximately 43 kDa) and IgG heavy and light chains,
respectively. (B) p57/coronin-1 (upper panel) and  -actin
(lower panel) on the gel were detected by
immunoblotting with anti-p57/coronin-1 antibody (N7)
and anti- -actin antibody, respectively. An asterisk indi-
cates IgG heavy chain. (C) The immunoprecipitation
was conducted with anti-p57/coronin-1 antibody (N7) or
anti-phospho-Thr-412 of p57/coronin-1 antibody (pT412),
and  -actin (upper panel) or p57/coronin-1 (lower panel)
on the gel was detected by immunoblotting as described
above. (D) HEK293T cells that expressed the wild-type
or mutants (T412A or T412D) of p57/coronin-1 were
treated with calyculin A (100 nM) and PMA (150 nM).
The cells were then lysed with a buffer containing 1 %
Nonidet P-40, and the lysates were subjected to
immunoprecipitation with anti-p57/coronin-1 antibody
(N7). The immunoprecipitates were separated by SDS-
PAGE and immunoblotting with anti-p57/coronin-1 anti-
body (N7) and anti- -actin antibody. An asterisk indi-










Figure 16. Schematic representation of phagocytic process





ま た ､ 重症複合免疫不全症 (severe combined




lupus erythematosus, SLE) の発症に必要であり､ 治
療標的としても注目されている 23)｡ しかしながら､
p57/coronin-1の分子機能や制御機構は依然不明な点が
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Phosphorylation of p57/coronin-1 regulates phagocytosis via its actin binding activity
Teruaki OKU
Department of Microbiology, Hoshi University
The actin-binding protein p57/coronin-1, a member of the coronin protein family, is selectively expressed in
hematopoietic cells and plays crucial roles in the immune response through reorganization of the actin cytoskeleton. We
have studied on the intracellular distribution of p57/coronin-1 in differentiated HL60 cells during phagocytosis, and found
that p57/coronin-1 and F-actin were transiently accumulated on phagosomes and dissociated from phagosomes before
phagosome-lysosome fusion. When these cells were treated with inhibitors of protein kinase C (PKC), p57/coronin-1 and
F-actin remained on phagosomes without dissociation. This phenomenon seems to be similar to that observed after
phagocytosis of Mycobacterium bovis, intracellular survival bacteria. Since we found that p57/coronin-1 was
phosphorylated by PKC in our previous studies, we assumed that the phosphorylation of p57/coronin-1 triggered dissocia-
tion from phagosomes and is an essential step for phagosome-lysosome fusion. Our successive studies identified the
phosphorylation sites regulated actin-binding of p57/coronin-1. Finally, we demonstrated that the phosphorylation of
p57/coronin-1 down-regulated its association with actin and modulated the reorganization of actin-containing cytoskeleton.
These studies provide mechanistic insights into roles of p57/coronin-1 in phagosome-lysosome fusion and bacterial para-
sitism.
